INTRODUCTION {#sec1-1}
============

Advances in adhesive dentistry made the clinicians to explore the capacity of dental cements bondage with tooth structure; assuring restorations with better retention, marginal adaptation, and reduced microleakage. Perpetual preservation of tooth structure inspired clinicians to use laminate veneers for fulfilling esthetic demand of patients. Lineage of materials for indirect veneering started with ceramics progressed to composites. The empress 2 ceramic system derives its strength and esthetics from hot pressing a lithium disilicate glass-ceramic framework veneered with flourapatite ceramic.\[[@ref1]\] The cost, time,\[[@ref2]\] low repair potential, and difficulty in intraoral polishing\[[@ref3]\] are setbacks of ceramic restorations. Hikita *et al*. reported that indirect composites exhibit better expediency, marginal integrity, and reduced polymerization shrinkage.\[[@ref4]\]

Technology combining glass-like component with polymer resulted in ormocer the organically modified ceramic with hardness as glass and properties of resin.\[[@ref5][@ref6]\] This tooth-colored material available in restorative and flowable form presents improved esthetics, biocompatibility, high abrasion resistance, reduced polymerization shrinkage, decreased surface roughness, and protection against caries.\[[@ref1][@ref5]\] Ormocer overcame the concerns regarding estrogenicity and cytotoxicity associated with bisphenol A-glycidyl methacrylate-based composites.\[[@ref7][@ref8]\] Ormocer has inorganic silicon dioxide foundation to which polymerized organic units are added with methacrylate substituted ZrO~2~ and SiO~2~.\[[@ref9][@ref10][@ref11]\] Gold standard for assessing the clinical efficacy of any restorative material is by evaluating shear bond strength (SBS) and limited studies are reported till date with regard to restorative and flowable type of ormocer. Henceforth, this study was aimed to determine the efficiency of ormocer pertaining to adhesion and veneering.

MATERIALS AND METHODS {#sec1-2}
=====================

Sample collection {#sec2-1}
-----------------

Sixty intact maxillary central incisors were collected, sterilized, and were divided into three equal groups (Group I, II, and III) based on luting agents used. The three groups were further divided into subgroups (a, b) of 10 each based on type of veneering material used.

Group 1: Samples luted with ormocer flowable (OF) (Admira flowable, Voco, Germany)

Group II: Samples luted with self-adhesive (SA) cement (RelyX U100, 3M, USA)

Group III: Samples luted with total etch (TE) adhesive (Calibra, Dentsply, USA)

Subgroup a: Veneer discs made from ormocer (O) restorative (Admira, Voco, Germany)

Subgroup b: Veneer discs made from ceramic (C) (E-max, Ivoclar, Lichenstein)

These samples were mounted on acrylic resin blocks and kept in distilled water for 24 h to prevent drying of the sample.

Preparation of veneer discs {#sec2-2}
---------------------------

A stainless steel metal plate with hole of 5 mm diameter and 2 mm thickness was prepared for fabricating veneer discs. Ceramic discs were prepared by flowing wax patterns (Bego, Germany) into the circular opening of the metal plate. After burned out (EP600 Combi, Ivoclar vivadent, Liechtenstein), the ingots were pressed in the mold with a plunger at 700°C and raised to 930°C. The ormocer veneers were fabricated by packing the material into the circular opening of the metal mold. Light curing (Surident, India) was done for 40 s and the discs were retrieved followed by finishing, polishing, and verification of the dimension using a calliper.

Surface treatment of bonding surfaces {#sec2-3}
-------------------------------------

Labial surface of enamel was made flat in center using diamond points. Surface was polished and etched with 37% phosphoric acid for 15 s (Amdent, PA, USA) for Group I and III.

The bonding surface of ceramic discs was etched with 9.6% hydrofluoric acid (Ultradent, South Jordan) for 1 min, washed and dried for 15 s with air syringe. Single coat of silane coupling agent (RelyX ceramic primer, 3M ESPE, MN, USA) was applied and kept undisturbed for 1 min before cementation.

Cementation of the veneer discs {#sec2-4}
-------------------------------

Teflon tube of inner diameter 5 mm and length 5 mm connected to two parallel support rods was used for conforming discs in position on tooth while cementation. A thin metal rod of 4 mm diameter was inserted into the Teflon tube while discs are in position for aiding in cementation. After stabilizing the specimen, a static load of 5 kg was applied for 1 min on the other end of the rod during cementation, and then, light curing was done at 400 mW/cm^2^ for 40 s on all sides of the disc.

For Group I, single coat of bonding agent Admira bond was applied on etched enamel surface for 15 s and on veneering surface of discs. It was air dried and light cured for 10 s. OF of 2 mm was directly dispensed on veneer discs and cemented by light curing.

For Group II, 2 mm of base and catalyst pastes of SA cement were dispensed from clicker onto mixing pad and was mixed thoroughly. After mixing, it was applied on the veneering surface of the discs and were placed on prepared tooth surface and luted in previously described manner.

For Group III, the bonding agent (Prime and bondNT Dentsply, Milford, USA) was applied on the etched enamel and veneer surface for 15 s. Then, it was air dried for 3 s and light cured. 2 mm base and catalyst paste of TE cement were dispensed and mixed. The mixture was evenly applied on the veneering surface discs and cemented by light curing.

Testing procedure {#sec2-5}
-----------------

The specimens kept in distilled water were thermocycled for 5000 cycles between 5°C and 55°C with dwelling time of 15 s after which the shear bond testing procedures were carried out using the Universal testing machine (Lloyd, UK) by loading the samples vertically. Compressive mode of load was applied at the core-veneer interface using a monobeveled metal chisel attached to the upper movable compartment of the machine travelling at crosshead speed of 2 mm/min. Sudden drop along the load-deflection curve at displacement of discs was recorded. The SBS was calculated using the formula δ =*P*/π*r*^2^ where δ is SBS (MPa), *P* is load at failure (*N*), *r* is radius of disc (1 mm).

After shear bond testing procedure, one sample from each group was selected randomly for scanning electron microscope (SEM) analysis (Hitachi S3000N, Japan). The tooth was sectioned at the cementoenamel junction using carborundum disc. The coronal portion of the teeth and its corresponding veneers were gold sputtered for conduction of radiation. The section of tooth and veneer were observed under microscope to assess the mode of failure at a magnification of × 500.

RESULTS {#sec1-3}
=======

The results obtained for groups along with subgroups are presented in Tables [1](#T1){ref-type="table"}--[4](#T4){ref-type="table"}. [Figure 1](#F1){ref-type="fig"} represents bar diagram showing the comparison of SBS of three luting cements with ormocer and ceramic veneers. SEM photographs of the specimens showing the mode of failure and micrometric spaces are depicted in Figures [2](#F2){ref-type="fig"}--[5](#F5){ref-type="fig"}.

###### 

The mean and standard deviation of shear bond strength of Group 1a, IIa, and IIIa and Group Ib, IIb, IIIb samples

![](EJD-11-58-g001)

###### 

The mean difference and statistical significance of shear bond strength for the Group Ia, IIa, and IIIa using *post hoc*, Tukey Honest Significant Difference method for multiple comparisons

![](EJD-11-58-g002)

###### 

The mean difference and statistical significance for the Group Ib, IIb, and IIIb samples using *post hoc* tests, Tukey Honest Significant Difference method for multiple comparisons

![](EJD-11-58-g003)

###### 

Percentage of mode of failure on visual examination

![](EJD-11-58-g004)

![Represents bar diagram showing the comparison of shear bond strength of three luting cements with ormocer and ceramic veneers](EJD-11-58-g005){#F1}

![(a-c) Show mixed failure of the cement while using ormocer cement. (a) Shows the enamel surface, (b) shows the ormocer veneer surface, and (c) shows the ceramic veneer surface. The micrometric spaces created on the surface of tooth and veneer after etch and bond procedures can be visualized](EJD-11-58-g006){#F2}

![(a-c) Show cohesive failure of the cement while using ormocer cement. The tooth (a), the ormocer veneer surface (b), and ceramic veneer surface (c) show cement remnants after the bond strength test](EJD-11-58-g007){#F3}

![(a-c) Show adhesive failure from the tooth surface on using ormocer cement. The tooth (a) did not show remnants of cement whereas the ormocer veneer surface (b) ceramic veneer surface (c) shows cement remnants after the bond strength test](EJD-11-58-g008){#F4}

![(a and b) Show the micrometric spaces on tooth surface that received total etch cement (a) and that received self-adhesive cement (b)](EJD-11-58-g009){#F5}

The statistical analysis was performed using appropriate tests. The data were interpreted at a confidence interval of 95%. ANOVA was used to compare the SBS values of three resin luting agents used for the cementation of the indirect veneers in this study. *Post hoc* Tukey honest significant difference method was used for multiple comparisons of the luting agents and the veneers.

A significant difference was observed between Group I and II (*P* \< 0.05). Highest mean bond strength when using ormocer veneer was obtained with the Group Ia (19.11 ± 1.92 Mpa) followed by Group IIIa (17.8 ± 4.38 Mpa) and Group IIa (8.1 ± 1.04 Mpa), whereas the highest mean bond strength when using ceramic veneer, the values are of similar range for Group Ib (18.04 ± 4.08 Mpa) and Group IIIb (18.07 ± 1.40 Mpa) followed by Group IIb (10.8 ± 3.36 Mpa). Group IIa and IIb showed statistically lower bond strength in comparison with other groups. The comparison of OF and TE cement did not present a statistical difference. In SEM study, Group I and Group III samples showed predominantly mixed type of failure. Group II samples showed mostly adhesive type of failure from the tooth surface.

DISCUSSION {#sec1-4}
==========

In the dynamic oral environment, stresses at interface of restorations are complex and primarily are of shear type. Hence, SBS test can be used to assess quality of adhesive resin cement.\[[@ref12]\] Frankenberger *et al*. advocated the use of flowable composites as adhesive cement.\[[@ref13]\] The acidic monomers in resin cements remove the smear layer causing inward diffusion of comonomers into the etched enamel and dentin by resin tag formation and form the hybrid layer thereby promoting bond to tooth structure.\[[@ref14][@ref15][@ref16]\]

The success of resin cements with ceramic veneer can be attributed to the fact that resin-based material reduces the potential for crack propagation by sealing Griffith flaws.\[[@ref17]\] The polymerization shrinkage of the resin helps in strengthening porcelain by exerting a force on the inner surface of the ceramic. This causes the movement of porcelain molecules together rather than away from each other.\[[@ref18]\] Leucite crystal dissolution occurs during the etching of ceramic surface with hydrofluoric acid leading to the formation of microcavities on the surface\[[@ref19]\] resulting in highly retentive surface to silane coupling agent and adhesives. The application of a silane coupling agent to the pretreated ceramic surface provides a chemical covalent and hydrogen bond and it is a major factor for a sufficient bond between resin and ceramics.\[[@ref16][@ref20]\]

The filler particle size for ormocer restorative is about 0.04--0.7 µm.\[[@ref8]\] Better retention and bond strength of ormocer as indirect laminate veneers may be due to progressively decreasing filler particle size that aids in better dispersion and increased interfacial area between the matrix and filler.\[[@ref21]\]

OF composite showed relatively higher bond strength when compared to SA system. The reduction in filler particle size and addition of diluent monomers reduces film thickness and increases bond strength favoring flowable type as luting cement. OF is a light-curing restorative material with good flowability and high material elasticity making them appropriate stress--absorbing material, particularly when used with ormocer restorative.

In the present study, the SA cement showed the lowest mean bond strength which is in agreement with other studies.\[[@ref21]\] The SA cement in the present study is methacrylate based having a strong acidic condition with a pH of 1.5--2.5 range during initial mixture where esters such as HEMA, TEGDMA, or HEMA-phosphate are hydraulically degraded.\[[@ref15]\] This could be a reason for the decreased bond strength of SA cements over ormocer veneers as it also contains dimethacrylates. Bond strength also depends on surface flaws.\[[@ref19]\] Ormocer veneer have less surface roughness of 0.132 mm,\[[@ref8]\] and hence, lesser surface flaws. The amount of reduced roughness and the absence of etch and bond procedures in SA cement could have led to reduced bond strength.

Studies have shown that acid etching of ceramic surface causes precipitation of residual subproducts composed of fluorosilicates of Al, K, Na, and Ca on the ceramic surface. This gets deposited in the interface of the restoration and the cement resulting in a change in the wetting and infiltration dynamics. This results in reduction of ceramic-composite bond strength and is one of the prime causes for the lower bond strength of ceramic to self-etch SA cement compared to other cements used in the study.\[[@ref19]\] Nevertheless, it can be concluded that the better bonding of the ceramic veneer with SA cement could be due to the micromechanical retention and chemical interaction between the monomer acidic phosphate groups and hydroxyapatite.\[[@ref14][@ref16][@ref21]\]

From the current study, it could be demonstrated that the OF utilizing the ormocer technology is as effective as the TE cement. OF which is used for the restoration of carious teeth can also be used as a luting agent according to the present study and is available in different shades.

Tests used to evaluate bond strength of resin cements are not without limitations. The veneer discs were cemented to flat surface, and there can be unrestricted shrinkage of the resin cement even though various studies promise on reduced polymerization shrinkage. In clinical circumstances, there will be factors which can impair the bonding effectiveness of the luting agent. To judge the clinical relevance of the present *in vitro* testing method, a correlation with a long-term *in vivo* study should be carried out using the same materials.

CONCLUSION {#sec1-5}
==========

Within the limitations of this study, the following conclusions were drawn: SBS of OF type was significantly higher than that of the SA resin. SEM analysis showed that mixed failure was predominant in OF type compared to others. Even though the bond strength of the ormocer was not inferior to ceramic, more studies are needed to be recommended as an effective restorative material.
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